Introduction
Age and concurrent multi-morbidity are driving forces in the growing utilization of healthcare services (Schulz, Leidl, & König, 2004) . The influence of an ageing population on healthcare sector is of key public health interest. In 2015, one in eight Singapore citizen was 65 year and above and by year 2030, there will be one in four Singapore citizen of 65 year and above (Older Singaporeans to double by 2030 , 2016 . While comprising 7% of the population in 1997, they utilized 20% of the public sector care and hospital services and there will be a four-fold increase in the utilization of health resources in 2030, based on the increased numbers of elderly and assuming the same utilization rate (Healthcare of the Elderly in Singapore, 2013) . Globally, in trying to meet the care demands of large numbers of elders, healthcare ABOUT THE AUTHOR Dr Rakhi Mittal is a PhD student in Saw Swee Hock School of Public Health, National University of Singapore (NUS). She did her Bachelors in Dental Sciences (BDS) from India and then Masters of Sciences from Faculty of Dentistry, National University of Singapore. In 2014 she was awarded "NUS Research Scholarship" for her PhD studies in Public Health. Her PhD topic is "Predictors of healthcare service utilization and length of stay of patients admitted into a multi-professional home medical care service from 2000 to 2009". She has presented papers in conferences and published in reputable journals.
PUBLIC INTEREST STATEMENT
Emphasis on caring for elderly in their own homes has gained momentum across healthcare systems in the developed world. Our study showed that there was a significant decline in HSU from first to fourth quarter from the date of admission into a home medical service from 2000 to 2009. The knowledge of these trends may help governments more accurately project resources needed for home medical services, a strategy to help elders to "age in place". systems which were originally designed to handle acute and episodic illnesses are facing various challenges such as shortage of healthcare professionals across medical sector (Kanchanachitra et al., 2011) with a sizeable waiting list for long term care institutions (Gan, 2012) .
Recent decades have witnessed an increase in home healthcare utilization globally (Thumé, Facchini, Wyshak, & Campbell, 2011) . However, the health service utilization (HSU) rates of home medical services by elderly population are not well studied. The HSU of home care sector holds particular value for primary healthcare as the majority of the older population would prefer to stay in their own homes compared to institutions (TNS Opinion & Social, 2007) . Although the Government of Singapore is planning for a wide range of home and community based services, the capacity of these services remains relatively low because the number of Singaporeans aged 65 years and older is increasing (Ansah et al., 2014) . Currently in Singapore, the oldest home medical service providers are Hua Mei Mobile Clinic and Code 4 Medical Service. Code 4 is a multi-disciplinary home medical service which provides medical, nursing and therapy services island-wide. The main objective of present study is to determine the trend of HSU of Code 4 medical patients during first year of admission from 2000 to 2009. Though these trends will present insights into the home medical care in Singapore, they may be useful to other countries experiencing similar ageing patterns.
Code 4 home medical care
Code 4 provides services through a team of doctors and nurses. Majority of the Code 4 patients are homebound, frail, and disabled older adults with chronic diseases. Needs of homebound patients are often complex with multiple medical problems that are closely intertwined with psychosocial problems. The care plan of Code 4 home includes range of services such as management of uncomplicated acute or sub-acute medical problems, patient and caregiver education with regard to various aspects of nursing care (prevention of pressure sores and proper feeding techniques), and performing nursing procedures such as wound care, care of enteric tubes, tracheotomies, enterostomies, urinary catheters, and so on. Usually caregivers take care of Code 4 patients. During early part of their admission, family members take care of their elders and subsequently foreign domestic worker (FDW). Hence, there is no need of other home personal services for Code 4 patients. The usual frequency of scheduled nurse visits was once every one to two months, depending on the condition of the patient. Follow-up visits made by doctor were usually once every three to six months unless there was any urgent medical issue (Mittal et al., 2016) . Weekly Multidisciplinary meetings are conducted to discuss the treatment plan of patients. In Singapore, home healthcare model is still evolving and Government is trying to increase the scope of home healthcare by introducing new services such as home therapy. Recently, Singapore Government introduced new integrated Home and Day Care packages that allow seniors to receive mix of home and centre based services according to their needs (Yong, 2016) .
Materials and methods

Design
Data extraction was performed retrospectively from non-computerized medical records of all patients admitted to Code 4 for home care services from 1 January 2000 to 31st December 2009. Two research nurses with gerontology training manually extracted the data using a standardized data collection form specifically designed for the study from January to July 2012. The medical records were kept in the offices of Ren Ci Community Hospital and Code 4 Medical Services (Code 4). Ethics approval for the study was obtained from the National University of Singapore Institutional Review Board. The final sample size obtained for the study was 1,069 patients.
The frequency of most common diagnosis at the time of admission was calculated to provide the information about the clinical characteristics of the study population at the time of admission. To analyse HSU, the first year of admission was divided into four quarters. Home visits were stratified according to their type (scheduled and unscheduled) and according to their profession (doctor, nurse and therapist). Additionally, the frequency of phone calls made by caregivers was also recorded. Most of the phone calls were received by nurses only.
Definitions
We examined three types of encounters patients had with Code 4: scheduled home visits, unscheduled home visits and phone calls. Scheduled visits were defined as pre-planned follow-up visits. The usual frequency of scheduled nurse visits was once every one to two months, depending upon the condition of the patient. Follow-up scheduled visits made by doctor were usually once every three to six months unless more frequent visits were medically warranted. Unscheduled visits were made to address urgent medical condition (e.g. acute high fever, breathlessness, etc.). Phone calls were of two types: those made by caregivers and those made by nurses. Caregivers called when they were uncertain about patients' treatment process or perceived deterioration in their ward's condition. Prior to home visits, nurse called to check whether patients were at home or not. In this study, only phone calls made by caregivers were included during analysis.
Procedure
Initial home visits were usually made by a nurse unless there was a medical urgency which needed to be addressed by doctor. Only a few visits were made by two healthcare professionals at same time (e.g. doctor-nurse and therapist-nurse). The allocation of healthcare professionals for the visit was based on the nature of procedures to be carried out at patients' home.
Statistical analysis
Only 9 patients were re-admitted into Code 4 and rest were admitted only once (n = 1060). As this group of patients only formed 0.8% of admissions into Code 4, their second admission data was omitted from subsequent analysis and only first admissions were analysed. Home visits made by two healthcare professionals were merged as follows: doctor-nurse [n (%); 448 (1.7)] were merged into doctor and those by therapist-nurse [n (%); 10 (0.0)] were merged into therapist. This was done because the numbers were very small and moreover, nurses generally followed doctors and therapists to assist them.
Descriptive statistics were used to describe the overall population. LOS is a measure of the duration in which patient was served by Code 4. When analyzing LOS, only patients who had LOS ≥ 30 days (n = 917) were included as those whose geometric mean LOS was <30 days were felt to be not representative of the typical home medical care patient whose LOS was more than 300 days. As LOS was skewed to the right, it was log transformed and geometric mean was reported. All statistical analyses were performed using SPSS version 20.
Poisson regression model was used to model encounter rates. To account for the correlation of the repeated total number of encounters at each quarter within the first year of admission, we used the generalized estimating equations (GEE) approach (Diggle, Heagerty, Liang, & Zeger, 2002) to fit the Poisson regression and included the offset term to factor in the varying follow-up times across individuals within a quarter. We specified a working correlation using an unstructured correlation matrix and the sandwich estimator was used to obtain robust standard errors. We included the variable, quarter, as a continuous variable to quantify the linear trend of the natural logarithm of the event rate over the four quarters, and reported the incidence rate ratio (IRR) and its corresponding 95% confidence interval (CI). P-value < 0.05 was considered significant. The overall visit density per quarter was calculated by following formula:
Results
Socio-demographic characteristics
Of the 1,060 patients, 88.4% of patients were greater than 70 years of age, 64.7% were female and 77.8% were Chinese, similar to the national elderly population (Department of Statistics Ministry of Trade & Industry, 2010) . 4.3% were single; 34.8% were married and more than half of the patients were widowed (59%). 82.9% of patients were eligible for claiming ElderShield or IDAPE at the time of admission but only 8.3% of patients claimed. 33.2% of patients were staying in 4 rooms HDB (Housing Development Board) flat and 17.1% in 5 room HDB flats. Only 1.8% of the patients were staying Mean no. visits per patient day per unique patient × 90 days alone, 7.5% with their spouse, 22% with children and 53.3% of the patients with their spouse and children. 58.2% of the patients were primarily cared for by FDWs and 41.8% by their children, spouse or others. 2.5% of patients were on PA or using the MFEC, 49.2% of patients depended on their children, siblings or grandchildren for all medical related expenditures. 4.5% had savings as a source of income. The LOS of patients was calculated in days and the geometric mean of LOS of Code 4 patients was 200.3 days (Mittal et al., 2016) (Table 1) . 
Clinical characteristics
The top ten most common comorbid conditions of the Code 4 patients at admission were hypertension (65.6%); stroke (65.5%), dementia (47.8%), diabetes mellitus (40.5%), ischemic heart disease (37.2%), fractures (33.7%), depression (30.3%), hemiplegia (26.1), heart failure (20.9%) and peptic ulcer disease (20.1%) ( Table 1) . A third had moderate CCMI scores (4-6) while 13.1% had severe CCMI scores (≥7). The mean (standard deviation) number of pressure ulcers at the time of admission was 0.75 (standard deviation = 1.36), 60.8% had oral mucous lesions and 49.5% were unable to swallow. 50.9% patients were on oral diet, 46.1% were on nasogastric tube (NGT) feeding and 2.9% were on percutaneous endoscopic gastrostomy (PEG) tube feeding. 23.5% had faecal impaction on admission and 81.5% of patients had an AMT score <7 (Mittal et al., 2016) (Table 1 ).
Functional characteristics
Of the 1,060 patients, 78.8% were bowel incontinent, 80.8% were bladder incontinent, 87.6% needed help in grooming, 81.3% were dependent for toilet use, 74.7% were unable to feed themselves, 59.9% were unable to transfer, 81.1% were immobile, 81.4% were dependent for dressing, 93.8% were unable to climb stairs and 93.3% were dependent for bathing. More than half of the patients (56.5%) had Barthel Index score = 0 (i.e. totally dependent) at the time of admission (Mittal et al., 2016) (Table 1 ).
Healthcare service utilization of study population
Total scheduled visits done by doctor, nurse and therapist in the first year after admissions into Code 4 were 2275 (30.8%), 4494 (60.8%) and 619 (8.4%) respectively. Total unscheduled visits done by doctor, nurse and therapist were 594 (50.1%), 587 (49.6%) and 3 (0.3%) respectively. Phone calls received by doctors, nurses and therapists were 124 (2.1%), 5806 (97.8%) and 3 (0.1%) respectively (Table 2) .
Among 461 (43.5%) patients who left the home care service during first six months of admission, 325 (30.7%) were due to death and 136 (12.8%) were discharged from the service. Mean number of days patient were under home care service in each quarter decreased from first to fourth quarter (76 to 43). The frequency of all types of HSU was highest during first quarter and declined towards fourth quarter of admission. From first to fourth quarter, scheduled visits decreased from 3,524 to 1,000, unscheduled visits from 543 to 175, phone calls from 2,808 to 737, doctor visits from 1,755 to 331 nurse visits from 4,855 to 1,483 and therapist visits from 268 to 97 (Table 3 and Figure 1 ).
The mean encounter density per quarter for HSU also decreased from first to fourth quarter of admission: scheduled visits (4.5-0.9), unscheduled visits (0.9-0.0), phone calls (4.5 to 0.9), doctor encounters (2.7-0.0), nurse encounters (7.2-1.8) and therapist encounters (0.002-0.000) ( Table 4) . There was a significant linear decline in encounter density from first to fourth quarter of admission for all types HSU: (Table 5) . Although therapist encounter density decreased from first to fourth quarter, the decline was not statistically significant [IRR (95% CI), 0.61 (0.28-1.32)]. 
Discussion
We believe this is the first detailed study in the world which reports the trend of HSU of patients admitted into a multi-disciplinary home medical service during their first year of admission. In our previous publication we explained the sociodemographic, clinical and functional characteristics of Code 4 patients in detail (Mittal et al., 2016) . Majority of Code 4 patients were greater than 70 years of age and nurse visits were more frequent compared to doctor and therapist. Nurses, in Code 4 perform comprehensive geriatric assessment and liaise with doctors to perform healthcare plan. They function as a primary care manager and hence most of the visits were conducted by nurses. Code 4 doctors' prepare a treatment plan, addresses urgent medical needs such as high fever or breathlessness and alter the medications if needed. It should be noted that doctor visits are comparatively costlier than nurses and therapist visits. Hence, to avoid financial burden on informal caregivers, Code 4 doctors' visits patients with higher medical needs. The role of therapist in Code 4 is to address the safety concerns that may not be apparent in facility-based rehabilitation and instruct patients on how to use durable medical equipment to facilitate performance of activities of daily living (ADLs) within their own home environment. Besides their pivotal role in home healthcare, the recruitment and the funding of therapists, especially in home health, remains a challenge in Singapore as it is in the United States of America (Coke, Alday, Biala, Luna, & Martines, 2005) . This may be one of the reasons why there are fewer therapist visits compared to doctors and nurses.
The common diagnoses at the time of admission were stroke, dementia and diabetes mellitus which is similar to those in Western countries (Sørbye, Finne-Soveri, Ljunggren, Topinkova', & Bernabei, 2005) . As the population continues to age, the prevalence of chronic diseases will likely to increase and will need more long term healthcare resources. However, the shortage of healthcare resources to deliver primary care is a major issue worldwide. Task shifting is one of the option discussed by WHO (Task Shifting to Tackle Health Worker Shortages, 2007) to strengthen the workforce and rapidly increase access to healthcare resources, and has been implemented in several countries (Task Shifting: Global Recommendations & Guidelines, 2008) . In addition, recent reviews of primary care interventions to manage high healthcare need patients emphasize that patients preferences, functional disabilities and prognosis should be considered while developing care plans (American Geriatrics Society Expert Panel on the Care of Older Adults with Multimorbidity, 2012; Grant, Adams, Overall HSU was higher during first quarter and declines thereafter to the fourth quarter. Increased HSU during first quarter may be because family members/caregivers experience the most stress after the patient is discharged from hospitals following a new illness or deterioration in their medical conditions (Report on the Ageing Population, 2006). Thus, when a patient is transferred to home medical service, extra care and medical attention is needed at the beginning. Moreover, family members/primary caregivers need time to adapt mentally and physically to meet the healthcare needs of their ward. Furthermore, almost one third of the population died during first quarter of their admission in home care service. Given the frailty and clinical condition of these patients it indicates that they were already eligible for nursing home or hospice care. Besides this Code 4 helped the patients to die with dignity at their own homes. Declining HSU after first quarter is most likely because either patient became more stable and required less medical attention or the patient/family members gradually became more confident with caring for the patient at home, reducing the necessity of encounters (Grumbach, Keane, & Bindman, 1993) . Our findings also indicate that first three months are critical for home medical service with regards to allocation of healthcare resources. Further analysis should be done to determine the predictors of HSU, especially during first three months of admission to home medical service. A study done in Malaysia showed that a lack of confidence in community and home based medical services for elderly care lead to higher proportion of older adults attending emergency departments (Mohd Mokhtar, Pin, Zakaria, et al., 2014) . These findings suggest that although there was higher HSU during first quarter of admission in present study, but may also reduce overcrowding of emergency departments in hospitals. Unfortunately, Code 4 medical records do not routinely capture information on emergency department visits. Further research should be done to assess the impact of home medical care on the utilization of emergency departments by elderly in Singapore.
Each country has different definition of home care, and the service provided by home care agencies varies according to the needs of older population. For example, in Australia during [2007] [2008] ; out of the total assessments made by Home and Community Care (HACC), 31% of clients needed domestic assistance including house cleaning, washing and ironing, help with shopping, transport to and from banks and appointments, etc. (Australian Government Department of Health & Ageing, 2008) . Hence, it was difficult to compare the findings of present study with Western countries.
There are a few limitations in our study. Data in this study was retrospective and limited to the 2000-2009 period, and hence may not reflect the current situation. Since then, there have been several additional measures adopted by Code 4 to improve their services across years; most notably 24 h emergency service. Moreover, the present study is not representative of the entire home care population of Singapore because these findings were based on only one home care provider in Singapore (the others being Hua Mei Mobile Clinic (Tsao Foundation), Home Nursing Foundation (HNF) and Touch Home Care). Different countries have varied definitions and standards of home care for elderly. Hence, it is difficult to compare the HSU with other studies conducted in different countries. Nevertheless, based on same ageing scenario in all countries, these findings should be helpful for policy makers during financial planning for home medical care provision.
Conclusion
Emphasis on caring for elderly in their own homes has gained momentum across healthcare systems in the developed world (Aronson & Neysmith, 1996) . Our study showed that there was a significant decline in HSU from first to fourth quarter from the date of admission into a home medical service from 2000 to 2009. The knowledge of these trends may help governments more accurately project resources needed for home medical services, a strategy to help elders to "age in place".
